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INTRODUCTION

The effect of diet on the blood sugar of normal individuals was

reported by Jacobson1 in 1913 and by Strouse2 in 1915. Bang's
monograph 3 appeared in 1913 and contains a full discussion of blood
sugar, both normal and pathologic. Since 1915, as a result of the
perfection of chemical methods easily adaptable to the clinical labora-
tory, the study of blood sugar has become a clinical procedure. All
methods in common use report results in grams per 100 c.c. of total
blood or blood plasma ; and a large collection of valuable data has
resulted, especially in regard to diabetes mellitus and to other pathologic
states.

Not a great deal of attention has been directed to normal variations,
although present methods are so simple that studies of the same indi-
vidual for a long period of time are easily performed. "Normal"
values vary from 0.06 to 0.10 or 0.12 per cent., and it is generally
accepted that the most important factor varying the normal is the
food factor ; carbohydrates having a definite effect on circulating blood
sugar, protein and fat having no effect (Jacobson and Edwards4).
Williams and Humphrey 5 studied thirty-nine young adults, for whom
they found an average blood sugar of 0.11, with a range of 0.07 to
0.15. The examinations were made at intervals of from one to six
hours after the previous meal, and as a group there was no well marked
relationship between the time of eating and the blood sugar level.
Apparently these investigators did not attempt to study the diurnal
variations of the same individual. Epstein 6 published a long series
of observations in which he attempted to prove that the percentage
method of recording blood sugar was inaccurate. He believed that
the actual amount of circulating blood sugar depended to a great
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extent on the blood volume, which he determined by the hematocrit
method. Woodyatt7 also is of the belief that "in interpreting blood
sugar percentages there should be a correction for blood volume, or
more exactly for the blood surface at the time of the blood sugar
determination."

It would seem possible by a direct method of attack to learn some¬

thing about normal variations as well as about the value of the per¬
centage method of determining blood sugar. Epstein's criticism of the
percentile method is based on the physiologic assumption that changes
in blood volume occur after such things as diuresis, sweating, exces¬

sive intake of water, or catharsis. Woodyatt7 could vary blood sugar
in his injection experiments by varying the amount of water injected,
although the development of glycosuria depended entirely on the
velocity and the amount of sugar injected regardless of water intake.
It would seem that if the physiologic stimuli which theoretically change
blood volume are actually of importance in blood sugar determinations,
it should be possible by varying such stimuli to change the blood
volume and also the blood sugar percentage. Therefore, the addition
of large amounts of water to the intake of a normal individual, or

the elimination of water by profuse catharsis should be demonstrable
in blood sugar readings, if such physiologic stimuli change the blood
volume, and if such changes in the blood volume actually affect blood
sugar percentage.

EXPERIMENTAL DATA

Five perfectly healthy young men and women were used as sub¬
jects. Blood was taken from each person at the same time each
day: Subject 1, at 9 a. m. ; Subject 2, at 9:15 a. m. ; Subject 3, at
10:15 a. m. ; Subject 4, at 11:15 a. m., and Subject 5, at noon.
Breakfast for each person was the same daily, except when the nature
of the experiment caused a change, which will be noted in the protocols.
The breakfasts were as follows :

Subject 1.—Miss B. One roll ; 1 cup coffee with sugar.
Subject 2.—Miss L. One piece toast ; 1 glass milk.
Subject 3.—Miss E. One piece toast; Vz cantaloupe or other fruit; 1 cup

coffee.
Subject 4.—J. K. One cup coffee; 1 glass water; 1 dish oatmeal.
Subject 5.—S. One cup coffee; cream and sugar; fruit; cereal with cream

and sugar; 1 egg; a piece toast.

Four of the subjects were workers in the laboratory, doing prac¬
tically the same kind of work each day. The fifth subject was a

7. Woodyatt, R. T.: Proc. Am. Soc. Clin. Investigation, 1919. (Reprinted
from J. A. M. A. 73:637 [Aug. 23] 1919.)

Downloaded From: http://archinte.jamanetwork.com/ by a Monash University Library User  on 06/16/2015



physician whose daily expenditure of energy was inconstant. By taking
blood from each individual at the same time each day and by keeping
breakfast constant, the food variation of the individual blood sugar is
thereby controlled.

The Lewis-Benedict8 method was used entirely. In earlier experi¬
ments many duplicate determinations were made, comparing the Lewis-
Benedict with the modification of the Bertrand, first used by us

(Strouse2) or with the original Folin-Wu 9 method. It was found
that the Lewis-Benedict method gave the most constant and reliable
results, and in this and subsequent work it has been the sole method
employed. The same technician made all of the determinations. A
slight modification in the method of obtaining the blood was adopted,
which has simplified, without impairing the accuracy of the procedure.
A carefully calibrated and standardized syringe of the tuberculin type
was used to withdraw blood from an arm vein by means of a small
hypodermic needle. Exactly 2 c.c. was obtained and immediately
placed in a 25 c.c. volumetric flask containing distilled water and 3
per cent, sodium fluorid. The saturated picric acid was added and
then the method was proceeded with as described by Lewis and
Benedict.

Experiment 1.—July 21 and 22, 1919, the blood sugar of the five normal
persons was estimated under constant conditions. July 23, Subject 3 took a
large dose of magnesium citrate. July 24, Subject 1 added one glass of water
to breakfast. Subjects 2 and 4 added three glasses of water. Subject 3 made
no change. Subject 5 took no water, although for the preceding days he had
drunk freely all through the morning. The results of this experiment are
shown in Table 1.

TABLE 1, -Blood Sugar Determinations on Five Normal Persons
Under Certain Conditions

Subject

T. B.
L. L.
H. E.
J. K.
S. S.

Xo. Sex*

9
9
9

Arc

23
23
27
:*
37

Time,
a. m.

9:00
9:15
10:15
11:00
12:00

Blood Sugar
July 21,
1919

0.08
0.084
0.088
0.081

July 22.
1919

0.095
0.084
0.085
0.078
0.098

July 23,
1919

0.07
0.068
0.066
0.056
0.065

July 24,
1919

0.07
0.065
0.067
0.063
0.07

Average.. 0.083 0.088 0.064 0.065

In this column o* indicates male, and 9 female.

Study of the individual reaction shows that none of the efforts to change
blood concentration have any effect on the blood sugar. It is possible, even
probable, that changes in blood concentration resulting from such efforts would
be evanescent and would have disappeared at the time the blood was taken,

8. Lewis, R. C., and Benedict, S. R.: J. Biol. Chem. 20:61, 1915.
9. Folin and Wu : J. Biol. Chem. 38:81, 1919.
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just as the ingestion of 100 gm. of glucose by a normal person is demonstrable
by increased blood sugar in one-half hour but no longer in an hour. All the
figures show a fair uniformity for the first two days with a considerable drop
of all on the third and fourth days of the experiment. This phase of the
results will be discussed later.

Experiment 2.—Aug. 1 and 2, 1919. No particular attention was paid to any
control factor, except the breakfast, which remained constant. As seen in
Table 2, all of the individuals except Subject 3 show a considerable rise on the
second day of the test, although nothing was done to produce such a rise.

TABLE 2.—Blood Sugar Determinations Under Ordinary Conditions

Subject
Blood Sugar

Aug. 1,1919 Aug. 2, 1919
0.073
0.061
0.075
0.069
0.067

0.091
0.079
0.073
0.084
0.074

Average. 0.069 o.os

Experiment 3.—March 4 and 5, 1920. In this experiment again variations
in the individual curves occur, at this time the whole group dropping instead
of rising as they did in the second experiment. Again no particular effort
was made to change either the group or the individual blood sugar.

TABLE 3.—Blood Sugar Determinations Under Ordinary Conditions

Subject
Blood Sugar

March 4,1920 March 5,1920
0.087
0.072
0.070
0.10
0.096

Average. 0.085

Experiment 4.—March 29 and 30, 1920. This experiment shows less indi¬
vidual and average variation than any of the preceding ones, but the protocol
shows that March 29 Subject 5 had taken no water. March 30, Subject 1
took no water all morning. Subject 2 took 1 ounce of magnesium sulphate,
with a profuse diarrhea up to the time of the test. Subject 3 made no change.
Subject 4 took a full quart of water within the hour before the test. Subject 5
drank fully 2 quarts of water in the course of the morning up to the time of
the test. Despite these rather strenuous efforts to change blood concentration, it
will be seen that the only variation of any consequence is noted in Subject 3,
who had made absolutely no change in her routine on the two days. The average
on the second day is lower than the first, and each individual here, as in the
preceding experiments, follows the average. Yet in this experiment, the pos¬
sible changes in water concentration are decidedly greater than in previous
experiments. Subjects 1 and 2 made efforts to diminish the water content of
the blood; Subjects 4 and 5 made efforts to increase it; and these efforts are

certainly in excess of those which might be expected in a normal routine.
But these changes in blood volume, if they did occur, are certainly not demon¬
strable in the blood sugar percentage, which remained nearer a constant level
than in previous experiments in which the subjects remained under more con¬

stant conditions.
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TABLE 4.—Blood Sugar Determinations Under Special Conditions

Subject
Blood Sugar

March 29,1920 March 30,1920
o.io
0.08
0.095
0.087
0.10

0.099
0.075
0.077
0.077
0.099

Average. 0.093 0.085

DISCUSSION

If blood volume can be changed by the procedures used in our

experiments, and if the percentage of circulating blood sugar is
affected by changes in blood volume, our experiments should demon¬
strate such changes. Our results clearly indicate that either the physio¬
logic variations of the experiments are not sufficient to change the
blood volume or that changes, if they occur, do not alter the percentage
of circulating blood sugar. Surely the changes which might be
expected to occur in daily life are usually less marked than those of
our experiments, so that it seems justifiable to conclude that blood
volume need not be considered a necessarily important factor in the
usual clinical procedure of blood sugar determination. There is a

wide difference between the slight and what may be called the acute
changes studied and the chronic pathological disturbances of water
balance associated with edema, marked anemia or the desiccation
sometimes seen in advanced diabetics. In these pathologic disturbances
of water balance the blood volume may, of course, be of importance
for a more accurate method of determining blood sugar. Hiller and
Mosenthal,10 from a somewhat different point of attack, have shown
that "spontaneous fluctuations in the amount of blood sugar as they
occur in the diabetic individual are not paralleled by changes in the
water content of the blood."

If, however, we combine the results of all our experiments in
the form of a composite chart, plotting the daily blood sugar deter¬
minations for each individual as a continuous curve, and paralleling
each curve by the average curve of all five individuals, we find some

interesting data. It becomes apparent, first, that the average curve
of all five persons from July, 1919, to March, 1920, is not a straight
line, but it shows variations of from 0.064 to 0.104 per cent.—so-called
normal extremes. Second, the average is higher in the cool month
of March than in July and August. Third, each individual curve

10. Hiller, A., and Mosenthal, H. O.: J. Biol. Chem. 28:197, 1916.
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Each division represents the blood sugar curve of one normal individual
(solid line), paralleled by the curve obtained by averaging all five normals
(broken line).
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follows the average. In other words, it is seen in studying the blood
sugar of the same normal individuals from day to day that, generally-
speaking, when one changes, all change.

In attempting to explain these variations, we believe that the method
of performing the experiments precludes the possibility that either
a technical error or any of the control elements of the experiments
might be responsible. All determinations were done by the same

technician. If the varying controlled factors affected the blood sugar,
they should not have done the same thing to all the subjects at the
same time. If the protocol of Experiment 4 is studied, it is seen

that there is no correlation between the control elements in the experi¬
ment and the result. The protocol of Experiment 1 shows that on July
21 and 22 all the blood sugars were higher than on July 23 and 24,
and a similar thing is noted in all the other protocols, namely, that
all are either higher or lower on the second day of the experiment.
July 21 and 22 were bright, dry, cheerful days ; July 23 and 24 were

muggy, hot days, on which a normal person felt disinclined to do more

than absolutely necessary work. July 23 and 24 were days on which
any kind of effort was difficult as well as distasteful. Might not, then,
the lowered blood sugar on these days indicate that there was a less¬
ened expenditure of energy and a consequential lessened call on the
energy supply? If there is such a lessened energy expenditure, the
most readily available source of energy would probably be the first to·
show the effect, and the most available source of energy is found in
carbohydrates. The changes in blood sugar, then, might be the result
of weather influences. Bang 3 reviews the work that has been done
on the effect of climatic conditions on blood sugar. Although most
of this work has been performed on animals, the collected statistics
seem to indicate that climatic conditions may affect the blood sugar.
On the other hand, Dexter,11 in his interesting discussion of weather
influences, says that "varying meteorological conditions affect directly,
though in different ways, the metabolism of life," and also that "the
reserve energy capable of being used for intellectual processes and
activities, other than those of the vital organs, is affected most by-
meteorological changes."

Graham Lusk,12 discussing the regulation of body temperature,
cites experiments proving a direct influence of surrounding tempera¬
ture and humidity on metabolism, and concludes with the statement
"the influence of climate is seen to be noteworthy."

11. Dexter, E. G.: Weather Influences, New York, 1904.
12. Lusk, G.: Science of Nutrition, Ed. 3, Philadelphia, W. B. Saunders Co.,

1917, p. 151.
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With the idea in mind that the changes in blood sugar found in
our experiments might be the result of weather influences, we attempted
to correlate our results with the weather reports. The temperature,
humidity, direction and velocity of the wind were studied. We were

unable to define any clear relationship between our charts and the
weather maps^ However, it is known (Dexter) that changes in an

individual's reaction to weather conditions may either precede or fol¬
low actual changes in the weather. It was the feeling of our experi¬
ment subjects that on the days on which they felt more capable of
working, the blood sugar readings were higher than on those days
on which work was an effort. It is likewise apparent from the charts
that the average blood sugar readings were higher in the cooler part
of the year (March) than in July. ' Changes in water concentration
resulting from perspiration should make the blood sugar readings
higher on the hot days when perspiration is profuse, so that elimina¬
tion of water through the skin need hardly be considered. Dexter
cites instances13 in which employers of labor do not allow their
employees to undertake certain kinds of work when the weather
conditions are not suitable.

In conclusion, we suggest, without being able to prove the correct¬
ness of the suggestion, that the delicate chemical balance of the body
responds to slight stimuli just as readily as it does to greater stimuli.
Under certain weather conditions, the body reacts by an unconscious
or invisible increase in muscle movements with a resultant increase in
energy expense. Under opposite weather conditions, muscle move¬

ments are lessened and there is a lessened energy expense. The vari¬
ations which occur may be slight, but are probably met by variations
in the supply of the most easily available source of energy. Carbo¬
hydrates are the most easily oxidizable source of energy, and the
circulating blood sugar, representing, as it does, the sugar transporta¬
tion system, may act as an indicator of these slight variations in
energy expense.

CONCLUSIONS

1. Efforts to change blood sugar percentage of five normal per¬
sons by increased or diminished water intake and excretion failed to
change the blood sugar percentage.

2. This indicates that for practical clinical purposes the blood sugar
percentage method is accurate.

3. Daily variations of blood sugar percentage occurred in five nor¬

mal persons. These variations seem to depend on changes in the
weather.

13. Dexter, E. G.: Weather Influences, New York, 1904, p. 239.
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